The relationship between the limited proteolysis and conformation of native glycinin was studied by the following methods: analyses of the proteolytic digestion of chemically modified glycinin, circular dichroism (CD) measurements, a secondary structure prediction from the amino acid sequence and a hydropathy index analysis. The locations of tryptic fragments of glycinin were confirmed from the N-terminal amino acid sequences of the fragments. T fragments and P fragments were located at the N-terminal and central area of the acidic polypeptide chains, respectively. One of the cleavage sites was the Arg residue of around the 100th from the N-terminal side. The regions digested by limited trypsinolysis were presumedto be flexible, hydrophilic and near the surface of the molecule by prediction methods from the aminoacid sequence. The other regions were predicted to be compact and /?-sheet in nature, almost 40-50%of the amino acid residues being predicted as /?-sheet from the amino acid sequence and from CDdata.
(glycinin-T) has been observed and isolated.X) Glycinin-T consisted of IST-3, IST-4 and P fragments, which were derived from glycinin subunits.2'3) The transient fragments, and IST-2, were observed in the digestion course. IST's consist ofT fragments, which are generated from acidic polypeptide chains, and intact basic polypeptide chains. The T fragments and basic polypeptide chains are linked by a disulfide bridge which originally connected the acidic polypeptide chain and basic polypeptide chain.4) Limited digestion is attributable to the stable glycinin conformation and, therfore, the digestion patterns include information on the glycinin conformation. Fragmentation pattern analyses will be useful 149 tools for conformational studies of the protein.
Although the secondary structures of the protein have been studied by many workers,5~7) little information on the threedimensional structures was obtained, because crystallization of glycinin has not been successful. Even in the secondary structure content, disagreement on the interpretation of data from circular dichroism (CD) can also be found in reports.5 " 7) Wetried partial analyses of the conformational information on glycinin by the combined use of prediction methods for the secondary structure and hydrophobicity from amino acid sequences, secondary structure prediction from CD data, and the fragmentation analyses by limited proteolysis.
An improvement in the prediction of the glycinin conformation can be expected by these methods.
Materi als
Soybeans (var. Miyagi-shirome) harvested in Miyagi, Japan, were used throughout this work. All reagents were of the highest grade, and Sepharose 6B, ProRPC 5/2 and PepRPCHR5/5 were obtained from Pharmacia LKB.
Methods
Preparation of the soy proteins. Glycinin was prepared by the method of Thanh and Shibasaki, 8) and purified by ammoniumsulfate fractionation9) and Sepharose 6B gel filtration.^The digestion intermediate, glycinin-T, was prepared as described previously.X) The P fragments were prepared as described previously, involving Sephadex G-50
and DEAESepharose CL-6B column chromatography.3) Electrophoreses. Sodium dodecyl sulfate (SDS) gel electrophoresis3) was applied with a 0. 1 mTris-acetic acid buffer (pH 6.8, 0.1% SDS) for 4hr at 100V in a 12.5% acrylamide gel (acrylamide : bis-acrylamide = 37 : 1).
Chemical modification of the Lys and Arg residues. The Lys residues of glycinin were acetylated according to the methods of Yamauchi et al., 10) the TNBS (2,4,6-trinitrobenzene-1-sulfonic acid) method11} being used to quantify the extent of modification. Arg residues of the protein were modified to yield a Af7,7V8-(l,2-dihydroxycyclohex-l,2-ylene)-protein (DHCH-protein) according to the method of Patthy and Smith.12) Column chromatography. A ProRPC5/2 column was eliited with a linear gradient (0-70%) of aqueous 0.1% trifluoro-acetic acid solution and acetonitrile containing 0. 1 % trifluoro-acetic acid.
Amino acid sequence analyses. Amino acid sequences were analyzed by the DABITCmethod13) or the PTC method.140 The obtained DABITC-amino acids were analyzed by thin-layer chromatography, and the PTCamino acids were identified by using a PepRPCHR5/5 column according to Johansson and Isaksson.15) Prediction of the secondary structure from amino acid sequence: The secondary structure of the AlaBx subunit was inferred from its sequence, which has been reported by Utsumi etå al.16 ) and Nielsen et al.ll) An analytical method was programmed according to Busetta and Hospital's algorithm18) on a small computer. This method takes into account the influence of the eight residues before and eight residues after each amino acid residue. In addition, evaluations of the distribution of hydrophobic residues and the rough a-helix content were introduced to improve the prediction level. In this study, we introduced previous knowledge about soy protein structures.
Hydropathy index. An analytical method was programmed according to the Kyte and Doolittle algorithm.19) The hydropathy index of the polypeptide chains was inferred from their sequences, the sum of the hydropathy values of nine amino acid residues being defined as the hydropathic index of the central amino acid residue.
Procedure for following enzymatic digestion. Glycinin (l mg/ml in 0.01 m Tris-HCl buffer (pH 8.0) containing 0.5m NaCl and 0.05% NaN3) was incubated with trypsin (4/zg/ml).
At Package from CONTIN (Provencher, 20) Provencher and G16ckner21)) with an NECACOS-1000 system at the computer center of TohokuUniversity and by the method of Chang et al.22 ) with a personal computer.
Results

Limitation of nicking points by chemical modifica tion
The chemical modification of the Lys and Arg residues must limit the nicking points, because trypsin digests only at the C-terminal side of thses residues. Figure 1 shows time courses for the digestion of the modified proteins. Non-modified glycinin was digested to form the 1ST (IST-1-IST-4) and P fragments.
Initially, IST-1 and IST-2 appeared, which were followed by the appearance of IST-3 and IST-4 as the 1ST fragments. It has been reported2) that IST-3 and IST-4 were stable over 24hr, being generated from IST-1 and IST-2. Acetylated glycinin whose Lys residues had been modified (60%), mainly formed IST-3 and IST-4, and the new bands (indicated by*)
were stable even after 3hr. The new fragments are thought to have been the residual parts of the subunits from which IST-3 or had been removed, and were initially digested in the case of the non-modified protein. On There may be two major nicking sites which influence fragmentation patterns. These results indicate that the first digestion points, which generated IST-1 and IST-2, were mainly Lys residues. The second digestion points, which generate IST-3 and IST-4 from IST-1 and IST-2, were mainly Arg residues.
N-terminal sequences of the P fragments P fragments are components of glycinin-T, which is. the intermediate of glycinin by tryptic digestion.
3) The P fragments are not connected to the basic subunits by a disulfide bond, and their isolation has already been reported,3) Table I . N-Terminal Amino Acid Sequence of the P Fragments Fragment Sequence three fractions being obtained (F-l, F-2 and F-3). We thought one of these (F-3) was a T fragment, but the subsequent amino acid sequence analysis showed that the fraction was a P fragment. The P fragments were named P-l, P-2 and P-3 according to their mobility with acetic acid-urea gel electrophoresis.
Fractions F-l, F-2 and F-3 contained P-3, P-2 and P-l, respectively. All the P fragments were further purified by a reversed-phase column (ProRPC 5/2), and the N-terminal sequences were analyzed by manual sequencing methods.
The sequences of P-l, P-2 and P-3 were analyzed, and the results are shown in Table I .
Positions of the nicking sites on the amino acid sequence of glycinin subunits The complete amino acid sequences of the glycinin subunits has been reported by many workers. 16'17'23"28) The N-teminal sequences of the P fragments, which must have Lys or Arg residue before their N-terminal side or must be the N-terminal fragment of the acidic polypeptide chain, were searched by scanning the sequence of the subunits with a computer. The possible sites are listed in Table II . Another possibility (KSQQ) was found in Bla polypeptide, but a smaller fragment than the P fragments was expected, so that this is unlikely.
The N-terminal sequences of P-3 were very complex, there being two or morecomponents Estimation of secondary structure from the CD spectrum The CD spectrum for glycinin and the spectra regenerated from the calculated results are shown in Fig. 2 . The spectrum for glycinin is similar to those reported previously (Koshiyama and Fukushima,6) and Ishino and Kudo7)). CONTINshowed a better fit than that. Therefore, we concluded that CONTIN was the better way in the soybean protein case.
Prediction of the secondary structure from sequences Figure 3A shows the secondary structures of the AlaBx16) subunit, the prediction method being based on the method of Busetta and Hospital.*8) Glycinin is thought to be one of the /?-structure-type proteins,5'6) and this was, therefore, assumed in the computation. The predicted structural contents are also shownin 
Hydropathy index
The hydropathy index analysis predicts whether a certain amino acid residue appears in the hydrophilic region or in the hydrophobic region of a protein molecule. The hydrophilic region and the hydrophobic region are thought to be at the surface and inside the protein molecule, respectively. Figure 3B shows the results of the analysis, the upward and downward peaks indicating the hydrophilic and hydrophobic regions, respectively. The broken line in the profile shows the boundary of the acidic and basic polypeptide chains. The extremely hydrophobic nature of the basic polypeptide chain was demonstrated and has been revealed in previous reports.30) Three hydrophilic regions are clearly distinguishable and denoted as ll-13.
Discussion
All the available sequences16'17'23 "28) of the glycinin subunits were also analyzed by the prediction methods (data not shown). Almost similar structural features were obtained, and The digestion points are indicated by arrows. therefore, fragmentation patterns can be represented by a certain subunit. Figure 4 shows a schematic representation of the location of the digestion points on a glycinin subunit. The two nicking sites, which generate the P fragment, are indicated by arrows and occur in the hydrophilic regions (II and 12), which were also predicted as being flexible.
Therefore, the regions may be located at the and IST-3. Region A was richer in Arg residues than Lys residues, whereas some Lys residues were found in region B. This result agrees with the results of chemical modification, which revealed that the first cutting point was Lys in region B and the second was Argin region A. The location of the P fragments was revealed by an N-terminal sequence analysis of the fragments, the fragments being generated between regions A and B. The T fragments were on the N-terminal side, because these fragments were connected to the basic polypeptides by a disulfide bond. The remainder of the acidic polypeptide chain after the B region must be digested in an area between the B region and the C-terminal of the acidic polypeptide chain, because the other detectable fragments were not found with SDS gel electrophoresis, by which low-molecular-weight fragments below 10,000 are difficult to detect. Also, this area contained the 13 hydrophilic region and more Lys and Arg residues than the others; therefore, this part of the subunit would be easily degraded to small peptides. This area also contained a hypervariable region, 1 7) which may have little importance in maintaining glycinin conformation; therefore, it is possible that the area is not stacked compactly.
The origin of P-3 was not clear because multiple N-terminal sequences could be speculated for this. However, it may be possible that the fragment comes from the A2Bla subunit, because the A region of the subunit contained an additional Arg residue which may change the conformation and susceptibility around the region. This may cause the generation of fragments having the N-terminal sequence such as HQK,PQDand SQR. The combination of these sequences mayreflect in the N-terminal sequence of P-3. It has been revealed that the A4 polypeptide chain and the A5B3subunit were generated by a post-translational modification with proteolytic digestion from a precursor subunit.17 '26) The location of the nicking site was near the A region of the precursor, and the flexibility of the region caused limited proteolysis; however, the regions of other subunits also seem to be flexible. The reason for proteolysis in vivo, therefore, is not only the flexibility of the protein conformation, but also the special amino acid sequence which fits the protease specificity for limited proteolysis. From these considerations, the A5B3 subunit may be rather similar to IST-4. A part ofP-l is thought to have been generated from the A4subunit.
The prediction methods from CD data (CONTIN21)) and the amino acid sequence (Busetta and Hospital18) ) used in this study yielded very good accuracy for predicting the a-helix and /?-sheet contents in concanavalin A, which has a similar CDspectrum to that of glycinin. Large disagreement of the secondary structure content calculated by the other methods has been reported for concanavalin A (Provencher and G16ckner, 21) and Busetta and Hospital18?) . Therefore, it is recommended to use the new methods for predicting the secondary structure of soybean proteins. Thesecondarystructure contents calculated from the CDdata in this study approximate to those previously reported (Koshiyama and Fukushima6) ). The secondary structure contents of soy proteins suggest that the major soy proteins have more /?-sheet than a-helix and may be arranged into an "all jS-protein" class. Concanavalin A also belongs to this class, and most of the proteins in this class are knownto be built from /?-sheet, which is stacked to form a layered structure (Levitt and Chothia31)). 
